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SOME WINTER CHARACTERISTICS OF THE NORTHERN 
HIGH LATITUDE IONOSPHERE 


N» J* Miller and L* IL Brace 


ABSTRACT 

Langmuir probe measurements of the winter diurnal behavior of the elec- 
tron density (N^ ) and temperature {T^ ) at 1000 km at high latitudes are pre- 
sented, The data are represented by contour plots of and T^ on a grid of 
geomagnetic latitude and local time, The tlmo period studied is Nov. 1, 1905 
through Feb, 12, 1900, The N e distribution is characterised by a zonal structure 
where the auroral oval is the transition region between the midlatitude and polar 
zones. N e In the midlatitude zone exhibits a quasi-steady stato through most of 
the night and both N e and T p increase in value to an afternoon maximum* N p 
in the dark polar zone decays until midnight after which the ionization increases 
toward a daytime level. The transition region, represented by the oval, shows 
enhancements in N e suggestive of particle flux sources. In general, the dayside 

contours do not correlate with the N e contours. Limited comparisons be- 
tween winter and summer indicate strong seasonal effects in the N e pattern and 
unusually large values of T e in the winter micUatitude zone. Characteristic 
troughs in N e appear on the nightside for both seasons. Possible ionization 
sources which would be consistent with the observed ionization patterns are 
considered. 
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HOME WINTER CHARACTERISTICS OF THE NORTHERN 


HIGH LATITUDE IONOSPHERE 


INTRODUCTION 

Data pertaining specifically to the ionosphere at northern high latitudes 
has been documented in many papers. Duncan (1902), Hill (1909) and Oguti ami 
Marubashi (1909) studied f 0 F a in the Arctic and Antarctic zones. Sharp (1900) 
observed an Ion density trough at high latitudes in early Nov. *03 and Liszka 
(1907) reported a similar trough in the total electron content. Muklrew (1905), 
Calvert (1900), rnigg (1907), Nishida (1907), Thomas and Andrews (190S) and 
Andrews and Thomas (1909) used topside sounder records to Investigate the 
high latitude electron density behavior. Among these authors, Muldrow (1905) 
and Nishida (1967) derived density contours from Alouette I sounder data in 
order to study high latitude electron density distributions U the topside 
ionosphere. Muklrew showed the geographic distribution of f 0 F a at high lati- 
tudes for Oct. ’02. Nishida showed the electron density behavior at several 
altitudes in the high latitudes lor the autumnal equinoxes of 1962-63. 

This paper presents high latitude satellite observations of the winter 
diurnal behavior of electron density (N^) and temperature (T e ) at 1000 km. For 
seasonal contrast, some summer data is also included. The measurements 
employed in this study are from the Explorer 22 Langmuir probe experiment. 
The data are represented by contours of constant N e and T d on coordinates of 
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local time and geomagnetic latitude* To reduce longitudinal effect*, only data 
taken within narrow* longitudinal range* are plotted together. The longitude* 
considers! were determine! by the location of the telemetry station* at Grand 
¥ovk» (-30* to “00* geomagnetic longitude) and Newfoundland (20* to 50* geo- 
magnetic longitude). 

The form of presentation is intended to provide a synoptic view of the time- 
averaged ionisation structure of the high latitude ionosphere. Through the use 
of contour plots, the general structure and the development of special features, 
such as ionization troughs, can be followed in local time. Since the contour plots 
use coordinates of local time and geomagnetic latitude, any mention of time and 
latitude in the body of this paper refers to these quantities unless otherwise 
specified. 

EXPERIMENTAL METHOD 

The Explorer 22 Langmuir probe experiment consists of a pair of cylindrical 
electrostatic probes mounted on opposite ends of the satellite. A sawtooth 
voltage is alternately applied to the probes and the resulting current is meas- 
ured. N e and T g are deduced from the volt- ampere characteristics using the 
Langmuir probe equations. The equations, details of the measurement technique 
and accuracies of the experiment have been discussed in previous papers (Brace 
and Reddy, 1965; Brace, et al., 1967; Brace, et al., 1968). The absolute accuracy 
of the deduced T and N values is believed to be better than 10% and 20% re- 
spectively while relative accuracies are 5% and 10%. 
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RESULTS 

Figure 1 iUuifcrutei the type of data display from which centaur* w ore ob- 
tained, The locus of a satellite path 1# shown for several passe* by joining con- 
secutive data points with straight lines# The field of data points represents meas- 
urements made over huK of an orbital precession period# Thu figure demonstrates 
tiie density A data points and die resolution of measurements during a satellite 
pass. A sample contour representing 3 * in Vce is indicated by the dotted cum* 
Since three months was required for the satellite orbit to pass through 24 hours 
of local time, some long term effects are necessarily Included in the time 
averaged results* 

The contours In Figure 2 are typical for the winter polar ionosphere# The 
region labelled "auroral oval" (Feldstein, 1962) appears to coincide with the 
transition between two zones of behavior in the N„ contours. In the midlatitude 
zone, latitudes below the oval, the nighfcsid© N p contours are nearly concentric 
about the pole whereas these contours become more radial on the dayside. Typi- 
cal nighttime values for this zone were 1-7 * 10 3 /ec, increasing towards 
the equator. Typical dayside densities ranged from 7 *. 10 3 /cc at sunrise to 
2 * 10 4 /ce in the afternoon maximum. 

In the zone poleward of the oval, N p contours tend to bo radial at all times. 

The nighttime N p continues to decay until midnight. This is a contrast to the 
quasi-steady state of N e in the nightslde midlatitude zone. Typical nighttime 
densities ranged from 3 * 10 3 /ec near 1800 hours to 0.2 * 10 3 /cc in the midnight 
minimum. Winter daytime solar radiation in the polar zone propagates from 
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large zenith angle* hence N* day* not undergo a grant diurnal change through the 
period o f illumination, A typical daytime value of N, in the polar zone is 

1.2 * lOVee* 

Several enhancement 4 are evident within the transition region. These are 
outlined by jagged boundaries# 

As the Newfoundland data In Figure 3 shows, the general trends displayed 
at Grand Forks by Figure 2 are not limited to that longitude# However, the iso- 
lated enhancements in the oval do not occur at the same times us at Grand Forks. 

Figures 4 and 5, containing T m distributions for Grand Forks and Newfound- 
land, show only slight similarity to the corresponding N p contours. The nighttime 
T contours for the midlatitud® zone bear some resemblance to the N. behavior, 
but the dayside T # contours do not follow the dayskle contours. There are 
common trends in and T^ ; for example the afternoon maximum occurs simi- 
larly in both parameters. 

Figures 0 and 7 display N t and T # contours for the June f G0 solstice at Grand 
Forks as a contrast to the winter contours of Figures 2 and 4. The general be- 
havior is glaringly different from that in the winter, as will be discussed later. 

DISCUSSION 

General Ionosp heric Structure 

Figures 2 and 3 demonstrate how the winter high latitude N # distribution at 
1000 km can be separated into two zones where the auroral oval generally marks 
a transition between them. The zonal nature of 4he ionization pattern is 
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reasonahlt* when the differing limit* ctm*pmifcfi*m tm I magnetic fi^ 1*1 \m< * 
figurations for tin* ?uvu*it arc considered* The midlnliiiHli' *wm* lm primarth i% 
dosed IU*UI line region which r*mliti»i«t the |ifttnma|itiUMt» (WMlHro* ami Mead, 
IHB.lj Brinion, H a L* IUiihj* At the attitude of thext* numsurcmcnt* the latitudes 
hdow 88* art* generally within the protonospheie (Taylor* i t ut,» liid*), IK 
contrast, most of tht* polar rone i# traversed by open Hold Hue* (William* mid 
Mead* 1985) ami is primarily composed of o * (Taylor* et ai«, ifMPo, The 
composition difference between zone* implies that tin* response ol tin* Iiml/ail*m 
to changes at the F 2 peak will by different because the diffusion properties for 
the zones differ* The geomagnetic field Hue difference implies that any sourer 
anti loan mechanisms associated with the mngnetotali may Influence the ionisa- 
tion In the polar zone hut not that In the midlatitude stone* 

The Characteristic Polar Troughs 

Minima in nightslde Ionisation such as those shown in Figures 2, 8 and 8 
have l^en observed by many authors (Thomas and Sader, 1904 1 Tonezawa, 1085; 
Liszka, 1085 * Muidrow, 1085 1 Thomas, et aL, 1980*, Sharp, 1980)* The contours 
at Grand Forks in Figure 7 show a mldiatitude N # trough at 80 e on the nights Ido. 
This midlatitude trough was also evident in the equinox data presentod by 
NIshida (1987), In winter, at both Grand Forks and Newfoundland, the northern 
boundary of the midlatitude trough Mis in the polar trough region. Therefore, 
the two troughs merge into a broad polar depression. A small remnant of the 



itiirikuilwltt trough ul IwiUi mum* tFigure* * and *h between *M00 and 

mm hour*, Both Figures f* and ? f tejire*y*ui»g summer tint! vmuour** 
ussuriite it m inimum In % wiDi the midiutlituk* X Hough* The implication is 
that Ilia titarhiiiiliim which produce* this trough i* still »u*llva in winter even 
though Ilia effect on is, i* modified* A* *fiowit in Figure 7, Ilia summer mltUullltiila 
trtmgh |HH*nInln into Ilmen when Ilia F^ regbin in illuminated* thin character- 
istic suggests Dull the mkUatUude trough may bo caused by n mngnuticuUy tnm- 
trolled mechanism which operates continuously 1ml whose effc* *t« are masked 
by photoltmi&atkm. 

Thy into depression In a winter phenomenon which wan first identified by 
Ifngg (lyilT) nt slightly higher altitudes# It in not evident in thy miulnm data of 
Nishkiu (1007) nr in our summer contour* ut Oram! Fork# (Figure 0)* T, value* 
associated w ith this trough are not available an the eonoontrawionn are too low 
tti permit it temperature to bo derived* The various high latitude winter trough* 
which mm been reported may bo part of the name trough, an can bo noon by 
comparing Figures 2 and 3 corresponding to different longitudes* Figure 3 con- 
tains enhancement period* which distort the trough shape, A latitude profile 
taken through this structure would scorn to contain several troughs. It is pos- 
sible that the formation mechanism lor the polar depression is similar to Dmt 
for the midUititude trough even though the two phenomena are located within dif- 
ferent zones of ionospheric behavior# The investigation of Bruce, et, ai, (liidD) 
indicates that the seasonal behavior in the nightsido polar region is a zenith angio 
effect and hence the increased ionization poleward of 00* is due to photoionization* 


The* Afternoon Maxi mum 

In wlnteri an afternoon maximum In N |a and occurs in the midlntttude 
zone, Thin maximum is actually a double maximum which Mis roughly between 
1300 and 1700 hours. Its double nature shows more clearly in the N p contours 
than in T„ . The nm *mm in T^ and which appears in the summer contours 
at Grand Forks falls at noon for latitudes above 00* but at 0900 hours for lati- 
tudes below 00*. Those features are consistent with radar backscatter observa- 
tions by Evans (1905) for 1903 which showed nn afternoon maximum at mid- 
latitudes in all seasons and a morning maximum in summer. The measurements 
of Lisaka (1907) show that this trend of ionisation also occurs in the total electron 
content and hence does not represent only a change In electron scale height. 

The identification of a summer afternoon T p and maximum within the Grand 
Forks data was not possible because data for those hours was not available. 

Seasonal Comparisons 

Contrasting the general winter behavior with that of the more limited sum- 
mer data (Figures 0 and 7) emphasizes the strong seasonal variation. The 
seasonal variation in the nlghtside trough system 1ms been discussed previously. 
The pattern of behavior shown by Nishida (1007) is apparently transitional since 
it does not resemble the patterns for either summer or winter as shown in this 
paper. Nishida 1 s September equinox data shows neither the characteristic 
winter polar depx’ossion nor the summer daytime structure of Figure 7. 
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responding approximately to the auroral oval, which has boon identified as a 
transition region in this study. The enhancements in N* which occur in winter 
within the oval may represent the ionospheric response to these auroral precipi- 
tations. Such enhancements appear in Figure 2 at 2000 hours mid 1400 hours and 
in Figure 3 near midnight. The summer contours do not show similar events, 
but they are probably less prominent because of the high level of summertime 
photoionization. 
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High Latitude Source Meehmdsmji 

Any general model of polar ionospheric processes should be able to account 
for the Muter average behavior described earlier* Apparently the isolated en- 
hancements just discussed can be related to the precipitation in enargotic 
auroral particles* 

During solar maximum, Thomas (19(30) indicated that photoionization con- 
tributes significantly to winter polar daytime up to within 10’ of the geo- 
graphic polo but that an additional source Is needed for solar minimum condi- 
tions, Our data suggests that the behavior of this additional source must be 
such as to generate on afternoon maximum in N p and T p as well as to supply 
the extra ionisation required by Thomas* 

Mechanisms proposed for maintenance of the nighttime midlatitude F rogion 
have Included corpuscular Ionization sources (Antonova and Ivanov-Kholodnii, 
19(31), downward diffusion of ionization stored in the protonosphere (Risbeth, 
1963*, Yonezawa, 1965) and horizontal winds (Hanson and Patterson, 1964) or 
cleetrodynamic drifts (Stubbe, 1968) which lift the ionization and thereby mini- 
mize recombination effects. It appears that the only mechanism which can be 
simultaneously consistent with the time variation of N t , in both the polar and 
midlatitude zones is cleetrodynamic drifts. 

Stubbe (1068) proposed an electrodynamic model for midlatitude nighttime 
F 2 maintenance which contained an electric field with eastward and southward 
components. The eastward field provided a vertical F * B drift which raised 
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the Ionization along Held linen to altitudes where the recombination coefficient 
is lower, The* drifts caused Up the* southward field were From went to cast ami 
supplied ionir,nti«m From tlu* daynide to replenish the nighttime Ionisation, 

If this modal is extended to fit the observed N„ behavior at high latitudes n 
northward electric field nerves better tlmn the southward one which Stubbe in- 
voked, The midlatitude zone is then maintained as in the original model except 
that the nighteldc ionization supplied from the day-side ionosphere comes from 
the dawn portion rather than the evening portion. As before the recombination 
coefficient is less effective because the ionization has been raised to a higher 
altitude and the midlatitude nlghtside N, loss is balanced by the How of ioniza- 
tion from the dayside, 

In the polar zone the altitude of ionization is not raised by the horizontal 
electric field because the geomagnetic field linos are nearly vertical. There- 
fore, recombination proceeds rapidly. However, ionization is supplied from 
the dawn ionosphere through the plasma drifts caused by the northward electric 
field. This plasma drift may produce the post-midnight increase in ionization 
that is a characteristic of the nightside polar zone, A further test of the 
reasonableness of the elcetrodynamic mechanism will be the measurement of 
electric fields in the topside ionosphere. 


SUMMARY AND CONCLUSIONS 

The data which have been analyzed describe the winter ionosphere above 
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Nish Ida affirmed that even the transitional period between the two seasons 1ms 
an distribution unique to that period, Further seasonal comparisons showed 
that the midlatitude zone contained afternoon T values that were higher in 
winter than during summer. 

Characteristic troughs in N p occurred on the night side both in the winter 
polar zone and near in the midlatitude zone in both summer and winter. A 
maximum of T^ is correlated with the position of the midlatitude trough during 
both seasons. The midlatitude trough is considered to be the result of some type 
of magnetically controlled mechanism whose effects are more obvious in the 
night side iono sphere . 

In the auroral oval were a number of isolated enhancements in N„ . The 
presence of enhancements at this location is consistent with the measurements 
reported by Hartz and Brice (19(37) who defined a zone of soft electron precipita- 
tions resembling the oval, 
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Figure 1* A sample point plot upon which contours ore drown. In unit* of 10 3 /cc Is plotted 

on coordinates of geomagnetic latitude and local time. The points from a few Individual passes 
are connected by lines to demonstrate how the field of points is generated, 























Figure 6, 10" 3 N # at 1000 km at Grand Forks during May-June *65, L is a minimum value and 
H is a maximum value. Coordinates are geomagnetic latitude and local time. 
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Figure 8, Winter and summer diurnal behavior at Grand Forks between 58—62 ^ latitude, 
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